Periodontal disease is a potential predictor of stroke and cognitive impairment. However, this association is unclear in adults aged 50 yr and above without a history of stroke or dementia. We evaluated the association between the number of teeth lost, indicating periodontal disease, and cognitive impairment in community-dwelling adults without any history of dementia or stroke. Dental examinations were performed on 438 adults older than 50 yr (315 females, mean age 63 ± 7.8 yr; 123 males, mean age 61.5 ± 8.5 yr) between January 2009 and December 2010. In the unadjusted analysis, odds ratios (OR) of cognitive impairment based on MMSE score were 2.46 (95% CI, 1.38-4.39) and 2.7 (95% CI, 1.57-4.64) for subjects who had lost 6-10 teeth and those who had lost more than 10 teeth, respectively, when compared with subjects who had lost 0-5 teeth. After adjusting for age, education level, hypertension, diabetes, hyperlipidemia, and smoking, the relationship remained significant (OR, 2.0; 95% CI, 1.08-3.69, P = 0.027 for those with 6-10 teeth lost; OR, 2.26; 95% CI, 1.27-4.02, P = 0.006 for those with more than 10 teeth lost). The number of teeth lost is correlated with cognitive impairment among community-dwelling adults aged 50 and above without any medical history of stroke or dementia.
INTRODUCTION
Cognitive impairment is one of the most common geriatric neurological symptoms, and involves memory loss, judgment impairment, and abnormal behavior. It decreases an individual's quality of life and increases their social and familial burden. The proportion of the population aged 65 yr and above continues to steadily increase and is now about 11.4% in Korea (1) . As a result, the incidence of dementia has increased and so has the burden on society of caring for the affected person. Early detection and proper management of well-recognized vascular risk factors such as hypertension, diabetes, smoking and hyperlipidemia are very important to prevent cognitive impairment.
Recently, a number of studies have reported that dental health status may be related to cognitive function (2) (3) (4) (5) 7) . Poor dental health is associated with both chronic inflammation and nutritional deficiency. It is one of the causes of cognitive impairment in older adults with or without dementia. To date, there have been very few studies conducted on community-dwelling adults aged 50 and over regarding the correlation between dental health status and cognitive function in Korea. In this study, we evaluated the relationship between cognitive impairment and tooth loss in community-dwelling adults aged 50 yr and above. We also aimed to provide basic data regarding the risk factors for cognitive impairment, which may aid in its early detection.
MATERIALS and METHODS

Subjected patients
This study was conducted using registration lists of the PRES-ENT (Prevention of Stroke and Dementia) project. Established July 1, 2007, the PRESENT project is a regional government-funded project for the prevention of stroke and dementia though public education, public relations, early medical check-ups and research in Ansan City, Gyeonggi-do, Korea.
Participants viduals who were stroke-and dementia-free, apparently healthy, community-dwelling adults aged 50 yr and above. We excluded patients who had any history of cerebrovascular events or dementia; those with suspected dementia (DSM-IV), depression, or hypothyroidism; and those who had difficulty performing their daily activities or communicating with the researcher. Three hundred participants were recruited by systemic random sampling with administrational support from the regional government in 2009, and 350 participants were selected from volunteers who were identified as low economic status, defined as having an income below 200% of the minimum cost of living during 2010 (Fig. 1) .
Baseline assessment
All participants received neurological examinations and in-person evaluations by a neurologist and trained research nurses. The in-person evaluation included medical questionnaires with questions regarding history of smoking, alcohol consumption, hypertension, diabetes, hyperlipidemia, stroke, and dementia. Questions concerning the education levels of participants were also included. 438 subjects also received comprehensive oral examinations, during which the location and the number of teeth that the participants had remaining were recorded. Cognitive functions were measured in all participants using the mini-mental status examination (MMSE), a widely used screening test (6) , administered by psychologists and trained research nurses. Cognitive impairment was defined as an MMSE score of less than 24 (8, 9) .
Statistical analysis
All results are presented as mean ± standard deviation. Statistical analyses were performed using SPSS ® Ver.12.0 for Windows. Clinical variables were analyzed using independent t-tests and the chi-square test. The Pearson correlation and partial correlations analyses were conducted to analyze correlations between cognitive impairment, dental health status, and risk factors. Logistic regression analysis was conducted to determine independent factors that correlate with cognitive impairment after adjustment for gender, age, hypertension, diabetes, current smoking status, and hyperlipidemia. Differences were considered statistically significant at P < 0.05.
Ethics statement
The study protocol was approved by the Wonkwang University Hospital ethics committee (approval number 1405). All patients were informed about the study protocol and signed an informed consent prior to their participation.
RESULTS
From the initial 650 participants without dementia or stroke at baseline, 438 adults aged 50 yr and above (315 women and 123 men) completed all evaluation processes. We divided the subjects into two groups based on their MMSE scores. The demographic characteristics of subjects are shown in Table 1 . The mean age was 64.1 ± 7.84 yr and the mean MMSE score was 26.37 ± 3.68. Subjects in the lower MMSE group (< 24 score) were older and had lost more teeth than subjects in the higher MMSE group (≥ 24 score). Women were more likely to have a lower MMSE score. The number of teeth lost were significantly associated with older age (r = -0.238, P < 0.001), and lower MMSE scores (r = -0.459, P = 0.002) after adjustment for age and education level. However, there was no statistically significant association between the number of teeth lost and gender, albumin/protein ratio or body mass index (BMI).
In the unadjusted analysis, odds ratio (OR) of cognitive impairment based on MMSE score were 2.46 (95% CI, 1.38-4.39) and 2.7 (95% CI, 1.57-4.64) for subjects who had lost 6-10 teeth and those who had lost more than 10 teeth, respectively, when compared with subjects who had lost 0-5 teeth. After adjustments for age, education level, hypertension, diabetes, hyperlipidemia, and smoking, the relationship remained statistically Dental examination by dentists 650 study subjects 438 study subjects significant, as shown in Table 2 (OR, 1.99; 95% CI, 1.08-3.69, P = 0.027 for those with 6-10 teeth loss; OR, 2.26; 95% CI, 1.27-4.02, P = 0.006 for those with more than 10 teeth loss).
DISCUSSION
Dementia and cognitive impairment are growing health problems worldwide, and at present, there are no definite treatments for dementia. Therefore, it is important to identify modifiable risk factors to aid in the prevention of dementia. However, little is known about controllable risk factors, especially among the community-dwelling adults aged 50 yr and above. In this study, we found a significant association between cognitive impairment and tooth loss in adults aged 50 yr and above with no previous history of dementia or stroke. In addition, we found that tooth loss is independently correlated with cognitive impairment, after adjusting for confounding factors. Tooth loss reflects a long term history of periodontal disease (5). Poor dental health status (i.e., tooth loss and periodontitis) is a common source of chronic infection in humans. Chronic inflammation, as measured by serum interleukin 6 and C-reactive protein levels, is reportedly a risk factor for cardiovascular disease, cognitive impairment, and Alzheimer's disease (AD) (2, 5, 7, 10, 11) . Oral microbes or lipopolysaccharides of gramnegative bacteria are associated with elevated levels of inflammatory markers and contribute to the inflammatory burden of AD (5, (11) (12) (13) (14) . According to many studies, although inflammation is not an initiator of AD, inflammatory processes play a pivotal role in modulating the neuropathology of AD (5, 10, 11, 15, 16) . Loss of functioning teeth is also associated with dietary changes. Nutritional status and tooth loss together cause nutritional deficiency, and a growing number of studies have suggested that cognitive impairment and nutrition are interrelated (2, (17) (18) (19) (20) . Furthermore, cognitive impairment may have adverse effects on dental health status. Patients with clinical dementia have been found to suffer from worse or more rapidly deteriorating dental health than their healthy peers (2) . However, no correlation was found between albumin/protein ratio and tooth loss in this study, in contrast to the results of previous studies (2, 17) . This will require the further research through prospective cohort study.
Previous studies have found that dental health status is related to dementia or the progression of cognitive impairment in elderly adults and dementia patients (2) (3) (4) (5) . The findings of our study are consistent with these studies (4, 5, 9) , with our findings also extending to younger elderly adults aged 50 yr and above who do not suffer from dementia or stroke. Our study also demonstrates that the association between dental health status and cognitive function becomes more strongly correlated with increase in the number of teeth lost.
Even though these findings are notable, our study has some limitations. Firstly, because of mixed study samples, recruitment of subjects by systemic random sampling, and inclusion of volunteers who are more likely to be of generally low socioeconomic status, the study population may have not been representative of the general population. Secondly, we assessed cognitive functions using the MMSE only. The use of only the MMSE as an assessment tool is likely to produce inaccurate results for participants with low levels of education. Moreover, it is unlikely to detect dementia when the cut-off score for detection is between 24 and 26. Nevertheless, it is the most extensively used and characterized means for examining cognitive function. In this study, we also assessed these limitations after adjustment for confounding factors including age, gender or education level. In addition, it is uncertain whether cognitive impairment has been caused by tooth loss or whether cognitivie impairment brought about a difference in lifestyle habits that led to tooth loss because these findings are results from cross-sectional analysis based on baseline data.
In conclusion, we found that number of teeth lost is related to cognitive impairment. Furthermore, it might be possible to use it as a prediction factor in community-dwelling adults aged 50 yr and above with no history of dementia or stroke. Our results imply that an active education campaign for dental health should be considered as one of the potential methods for preventing cognitive impairment.
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